Summary. Prolactin from frozen turkey pituitary glands was purified by alkaline ethanol extraction of the pituitary residue after pre-extractions of the gonadotrophins and GH, followed by gel filtration on Sephadex G-100 and DEAE\p=m-\cellulosecolumn chromatography at different pH. A specific radioligand\p=m-\receptorassay for ovine prolactin was used to locate the activity in eluates after column chromatography and gel filtration. The potency of the highly purified turkey prolactin was characterized by a radioligand\p=m-\receptorassay to be 3\m=.\40 i.u./mg and by a heterologous radioimmunoassay to be 35 i.u./mg as compared to purified ovine prolactin as standard. The yield of turkey prolactin was 3 mg/100 g frozen pituitary glands. The purified turkey prolactin consisted of three protein bands upon polyacrylamide gel electrophoresis and the molecular weight was estimated to be 22 000 by SDS\p=m-\polyacryl-amide gel electrophoresis. Turkey prolactin was rich in aspartic acid, glutamic acid and leucine, but lacking in methionine.
Introduction
Comparative studies on the endocrinology of pituitary prolactin requires the availability of the purified hormone to characterize its chemical nature and physiological actions within and between species. Mammalian prolactin has been purified from pituitary glands of various species, including the cow (Jiang & Wilhelmi, 1965) , pig (Kwa, Van der Bent, Feltkamp, Runke & Bloemendal, 1965) , goat (McNeilly & Andrews, 1974) , rat (Ellis, Grindeland, Neunke & Callahan, 1969; Gala, 1972) and man (Lewis, Singh & Seavey, 1971; Hwang, Guyda & Friesen, 1972) . The purification of chicken prolactin has also been reported (Scanes, Bolton & Chadwick, 1975) and since the current isolation of turkey prolactin was initiated, Burke & Papkoff (1980) have described the purification of turkey prolactin. The present paper describes our procedure to obtain highly purified turkey prolactin and some biological and chemical properties of the purified hormone, since these appear to differ in some respects from those of the preparation purified by Burke & Papkoff (1980) . Pharmacia (Canada) Ltd, Dorval, Quebec; and Radioligand-receptor assay for prolactin. The distribution of prolactin activity in eluates after fractionation on column chromatography was determined by a sensitive and specific radioligand-receptor assay (Shiu, Kelly & Friesen, 1973) Heterologous radioimmunoassay for turkey prolactin. The potency of the purified turkey prolactin was estimated by the heterologous radioimmunoassay reported by McNeilly, Etches & Friesen (1978) . This method used a guinea-pig antiserum (AGP-4) against human prolactin and an 125I-labelled ovine prolactin (NIH-PRL-S12) tracer, and was expressed in terms of ovine prolactin (NIH-PRL-S12). The intra-and inter-assay coefficients of variation of this method were 8-9 and 13-7%, respectively; and the sensitivity of the assay was approximately 1 ng/ml.
Specific binding of n: -labelled turkey prolactin to paniculate receptors. Turkey prolactin was labelled with 0-5 mCi 125I/2 pg hormone by the enzymic method with lactoperoxidase as described previously (Cheng, 1975) with minor modifications. Particulate receptors from pregnant rabbit mammary glands were prepared according to the procedure of Shiu et al. (1973) .
The specific binding of the 125I-labelled turkey and ovine prolactin (sp. act. 38 and 52 pCi/pg, respectively) was studied individually by incubating 0-1 ml labelled hormone (50 000 c.p.m.) with 0-1 ml re-suspended particulate receptors (6 mg protein/ml) in the absence or presence of excess unlabelled ovine prolactin (1 pg/tube) at a final volume of 0-5 ml 5 mM-Tris-HCl, pH 7-4, containing 0-1% BSA and 10 raM MgCl2 according to Cheng (1976 (Tsushima & Friesen, 1973) , bovine testicular receptors for FSH (Cheng, 1975) , bovine CL receptors for LH (Cheng, 1976) Fractions (3 ml) were collected, (c) Chromatography of the prolactin fraction of (b) on a DEAE column (1x8 cm) in 10 mM-Tris-HCl, pH 7-25. The material (8-9 mg) was dissolved in 2 ml buffer, dialysed and applied to the column. After elution of the unadsorbed material with 10 mM-Tris-HCl, a linear gradient of 0-0-25 M-NaCl in the same buffer was applied as indicated by arrow A, and the elution was finished by applying more 0-25 M-NaCl buffer (arrow B). Fractions
(1 ml) were collected, (d) Chromatography of the prolactin fraction of (c) (4-8 mg) on a DEAE-cellulose (0-6 8 cm) in 10 mM-Tris-HCl, pH 8-25. (e) Gel filtration of the prolactin fraction of (d) on Ultrogel (1 110 cm) in 0-5% NH4HC03. The material (2-8 mg) was dissolved in 0-5 ml buffer and applied to the column. The fractions collected were 1 ml and the pooled material was 1 · 5 mg. (Workewych & Cheng, 1978) . By these radioligand-receptor assays for mammalian hormones, the purified turkey prolactin was practically free (<0-01%) from any of these hormone activities at concentrations of 10 pg/ml. Contamination of LH activity was further assessed by the bioassay using dispersed testicular cells as described by Maung & Follett (1977) . No response was observed for turkey prolactin at concentrations of 100 ng/ml.
By a radioligand-receptor assay for ovine prolactin, the purified turkey prolactin was estimated to possess only 0-097 the potency of ovine prolactin (NIH-P-S12; Using the heterologous radioimmunoassay for avian prolactin described by McNeilly et al (1978) , the potency of purified turkey prolactin (HS-1-139) was equal to or slightly greater than that of ovine prolactin (NIH-P-S12) (Text- fig. 3 ). Two other semi-purified preparations of turkey prolactin, identified as HS-1 and Ultro II, possessed 6-3 and 27-1%, respectively, of the immunological activity of ovine prolactin (Text-fig. 3 ). The dose-response curve of each of these preparations was parallel to that of the ovine prolactin standard, indicating that the preparations were immunologically similar to ovine prolactin. In this assay the turkey growth hormone W130 DB, which was described by Farmer, Papkoff & Hayashida (1974) , has <3-l% of the immunoactivity of ovine prolactin (Text-fig. 3 ). McNeilly et al. (1978) reported that the GH preparation W27 CD possessed <0-01% of the inhibitory activity of ovine prolactin NIH-P-S10.
Text- fig. 4 . Polyacrylamide-gel electrophoresis at pH 8-9 (a), and in the presence of sodium dodecyl sulphate (b) of pituitary turkey prolactin (sample 1) and ovine prolactin (sample 2). The (Text-fig. 4a ). However, after SDS-gel electrophoresis, both turkey and ovine prolactin gave single protein bands of relatively similar mobilities (Text-fig. 4b ). The molecular weight of purified turkey prolactin was estimated to be 22 000 (Text-fig. 5 ).
The amino acid composition of turkey prolactin was relatively similar to that of ovine prolactin, being rich in aspartic acid, glutamic acid, and leucine (Table 2) . Apart from the virtual absence of methionine in our preparation the amino acid composition was similar to that reported by Burke & Papkoff (1980) . Burke & Papkoff ( 6-9 2-2 4-4 10-7 5-2 6-2 14-6 60 6-9 7-3 2-2 5-5 1-9 3-6 100 2-8 3-7
Values are expressed as residues per 100 residues of amino acid. * instability of this amino acid during hydrolysis; ND = not determined.
no special measure has been applied for the
Discussion
The procedure of serial extractions of the pituitary gland (Ellis, 1961) was very useful as the initial step for the fractionation of gonadotrophins, GH and prolactin. The first step of gel filtration on Sephadex G-100 separated out a large amount of contaminating proteins and permitted better fractionation by subsequent ion-exchange chromatography. A specific radioligand-receptor assay is also essential to obtain highly purified prolactin for monitoring the distribution of activity in eluates after continuous gradient ion-exchange column chromato¬ graphy. Although prolactin activity was found in the major protein peak, the distribution of activity was not exactly identical with that of the proteins. The application of a mammalian radioreceptor assay to monitor the purity of the preparations during the purification of the non-mammalian prolactin is a novel approach although it was suggested previously by Prunet, Djiane & Breton (1977 Scanes & Follett, 1972) . In addition, the chicken prolactin purified by Scanes et al (1975) was usually less potent than the ovine standard in the pigeon crop-sac bioassay, in spite of the relatively close phylogenetic relationship between chickens and pigeons. Similarly, the turkey prolactin isolated by Burke & Papkoff (1980) was less potent than ovine prolactin in the pigeon crop-sac bioassay and the dose-response curves of the ovine and turkey prolactin were not parallel. These results emphasize the inherent difficulties in selecting an appropriate measure of biological activity of the purified preparations and the need for further investigations of the relationship between biological and receptor-binding activities.
Both turkey and ovine prolactins showed heterogeneity of 3-4 protein bands after polyacrylamide gel electrophoresis at an alkaline pH. The Rr values of these proteins were comparable to those reported by Burke & Papkoff (1980) for turkey prolactin, and Nicoli & Nichols (1971) for prolactin activity (by pigeon crop-sac assay) in chicken pituitary extracts. After polyacrylamide-SDS gel electrophoresis a homogeneous band of molecular weight 22 000 was obtained for our preparation of turkey prolactin. Burke & Papkoff (1980) reported a molecular weight of 26 000. In general, the amino acid compositions of avian and mammalian gonadotrophins (Farmer, Papkoff & Licht, 1975; Godden & Scanes, 1975) and GH (Farmer et al, 1974) show remarkable similarity. The amino acid composition of our turkey prolactin, apart from the lack of methionine, was relatively similar to those reported for chicken prolactin and turkey prolactin, being rich in aspartic acid, glutamic acid and leucine.
The development of an homologous radioimmunoassay is essential for physiological studies to determine the biological role of prolactin in avian species. The availability of a highly purified turkey prolactin will facilitate such investigations.
